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ABSTRACT 

Alter sixteen years ol bench*scale and pilot 
plant development* large solvent reClacd coal 
(SRC) demonstration plants are being planned 
which could lead to commercialization by the late 
19P«I3. 

1. BACKGROUND 

Development ol the solvent refined coal (SRC) 
piocess began in 19S2 at Gull Oil Corpocatlon*s 
^ierriam* Kansas Research Laboratories and bench* 
scale work has continued at that location since 
diat time. This work led to the construction and 
operation ol a one-hall ton pet day pilot unit In 
19S4 which provided design Ow^a a SO tons per 
day pilot plant. Construction ol 50 tons per 
day C^vemment-owned lacUity was completed in 
1974 at Ft. Lewis* Washington and has been in 
operation since then. This extended research and 
development program has ueen lunded by the U. S. 
Department ol Energy (DoE) and its predecessors. 

All work until 1973 was aimed at the develop- 
ment ol a process to produce a low-aah* iow- 
suHur solid product km^r* as SRC-I. In the SRC*I 
process* is slurried in a distilled* coal- 
Jerived* rc^cycle solvent* mixed with hydrogen 
and reacted at high temperature and pressure. The 
reaction product is littered to remove^ ash and un- 
reacted coal which is lurther processcKl* such as 
by gasilication* to convert it to an environmentally 
acceptable lorm lor disposal. The liltrate is 
vacuum distilled to separate discillate from the 
"heavy” residual organic material which Is 
removed and solidified as the solid SRC product. 
The distillate is further distilled to separate it 
into a recycle process solvent for the reaction 
area and limited quantities of fuel oil and naphtha. 
Much of the sulfur in the feed coal is converted to 
hydrogen sulfide which is recovered and converted 
to elemental sulfur. 

By 1973* Merriam data had indicated a poten- 
tial problem of Insufficient production of the pro- 
cess solvent rcqulrcHl for the reaction area* It 
was theorized that additional solvent production 
could be attained by recycling a portion cf the 
reactor effluent slurry and utilizing it to replace 
some of the distilled solvent used to slurry the 
feed coal. This mode of operation increases the 
concentration of ash* and its catalytic compon- 
ents* as well as allowing the "heavy** (high 
molecular weight) organic material contained in 
the slurry to be subjected to further liquefaction 
reactions. The initial slurry recycle experiments 


were sue cessful In achievin'' ** !r «d>|octivc of 
Increased solvent producticjn. More importantly, 
though* ifidicatloas were that replacing the dis- 
tilled solvent completely with recycle slurry 
increased the degree of conversion of the "heavy" 
organic to distillate liquids to such an extent diat 
a modification of the oveiall SRC process appeared 
feasible which would allow the eir^tiitatton of the 
troublesome and costly filtration method of solids 
sepacatloa. Instead* solids separation from the 
reactloa product would be accomplished in a much 
simpler and common commercial processing step — 
vacuum Hashing — with the high solids "heavy” 
organic stream from the bottom of the vacuum flash 
drum being used as feed to a high pressure gasiHer 
for production of the hydrogen required in the coal 
reaction area. Subsequent testing lias demonstrat- 
ed the viatdlity of this SRC process modification 
which is now known as SRC-n. Its use results in 
the production of a liquid* rather than a solid* as 
the main ixoduct. 

Simplified flowsheets of the SRC-1 and SRC-II 
processes are shown In Figure I • The tnaior differ- 
ences* as well as the similarities* readily be 
seen. 

II. IT. IXWIS SRC PIIjOT operation 

The largest SK^ : facility is the Government- 
owned and -funded pilot plant at Ft. Lewis* 
Washington. Constrv jtion was completed in 1974 
at a cost Of about $21*000*000. It is stafled by 
i80 Gu!( er«pioyc'.*s. 


Since startup in 1974. the plant ha^ enjoyed a 
nigh onstream factor. Us major accamplishments 
to date are; 

1. Developed rrocess yield data in both the SRC-I 
and SRC-U modes of operation sufficient for 
the d<;sl^n of much larger demonstration 
plants • 

2. IdrntllicHl proc<*.ss* mt^ch3nlc«il« corrosion •iml 
erosion probh'ms am* (J«'*t<*rmin«^cl solutions. 

3. Produced solid SRC for small scale combustion 
tests and 3*000 tons for a large scale test 
which was completed in early 1977 at 
Georgia Power Company's Plant Mitchell near 
Albany* Georgia. 
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4. rrociuccd about 0,000 barrels of SROII fuel 
oil for a large scale oombusUon test In a 
oommercial power plant which Is scheduled to 
be conducted this sut •er* Ite mala obte .cive 
Is to determine If $RG-II fuel oU wiU 
the enviconmcntal requirements for a fuel for 
electrical power generation. Encrjuragli^ 
small scale comb stion tests alrc*^/ have 
been performed • 

Table 1 shows typical gross yields otMalned during 
SRC-I and KRC-II testing at the rt. Lewis Pilot 
rhinl. Typif.il pmpr^rti«*:: «»f Ihr solid and 

ill** lu^d «»|l |«|«|i|Mi*as| Its |||«> l•mM* s«%lll- 

la ‘Sts airi* sliuwii In Table* 2. 

One of the prime oblectves in the Ft. Lewis 
Pilot Plant program for 1973 is to complete the 
Installation and begin testing the Uimmus 
Company's Solvent Deashiim process to determine 
if it a more viable method of solids separation 
than filtration. 

The work performed at the ft. Lewis Pilot 
Plant and the Merriam Laboratory is reported in 
quarterly^ annual and interim Fossil Energy, 

U. S. Department of Energy, reports (Ref. 1, 2, 3, 
4, 5). 

m. OlatER SRC DEVELOPMENT 

yi«*l<l stiicite:; im 

::a-v««ial twil*: also Ivivi* lii*a*ii «*omliirttnl on «t six*- 
Ions |H‘i a lay pilot plant ait WllsonvUlo, Alabama. 
This plant is iterated by (Catalytic, Inc.; managed 
by Southern Company iervices, Inc. and funded by 
Southern, Electric Power Research Institute and the 
U. S. Department of Energy. The Kerr~McGee 
Critical Solvent Deashing process will be tested 
there in 1978 to determine its viability as a method 
of solids separation. 

In addition to the SRC*1I development work at 
the Government -funded Merria^n and Ft. Lewis 
facilities, extensive SRC-Ii yield studies have 
been conducted during the past two years with a 
Gulf-owned and -funded one-ton per day pilot plant 
at Gulf's Corporate Research Center, Harmurville, 
Pennsylvania • 

IV. HEALTM rROTECTION 
AND 

ENVIRONMENTAL MONITORING PROGRAM 

A worker health protection an<l environmental 
monitorimi program has bc\»n in ei : ct at the 
rt. L*'Wis Pilot Plant sinct* prior to its startup. 

It con.sists of: 

1. Periodic physical c camination of workers. 

2. A worker industrial hygiene program. 

3. In-plant monitoring for potentially hazardous 
materials. 


4. Surrounding area monicoiing. 

5. Toxicological test program with laboratory 
animals. 

6. A trace metals distribution study. 

The findings from this overall program should 
prove to be beneficial In planning for la.'ger SRC 
and other coal liquefaction plants* Detailed 
descriptions of the program and data obtained have 
been published In several Fossil Energy, U. S. 
l>*partiiK*nt of nnorgy* reports fRef. C, 7, R). 

V. SRC irOMMEKClAUyjVTlUN 

Gulf's Initial SRC commercialization efforts 
occurred in 1974 when it provided process design 
support for the conceptual design of an SRC-I 
demonstration plant utilizing 2,000 tons per day 
of coal. The conceptual design was performed t^ 
Wheelatxator Clean Coal Corporation, utilizing 
Wheelabrator-Frye's Rust Engineering Co. 

In 197S, Gulf decided to concentrate its com- 
mercialization efforts on the SRC-II process* 

Among Its reasons for doing so were: 

1 . Its concern with the many problems associated 
with filtration. 

2. Altc*mi*ilc‘ mrthoil*: ol »:c*p*iiaUim wi‘rf at 

•I t€*lativf*ly iMrIy ::lai|«’ ol <l«‘V.*hqmi4-nl . 

3* Us belief that SRc:-ll fuel oil would decrease 
the demand for imported cil while SRG-I solid 
product provided only an alternate to coal 
burnii^ with stack gas scrubbing. 

4. Its beUef that a liquid produced from coal had 
a greater variety ot potential uses than a solid 
product and , thus , had more long term market- 
ing potential* 

In 1975 » Gulf, utiUzing the services of 
Steams -Roger Inc., completed the conceptual 
design of an SRC-II demonstration plint with a coal 
feed rate of 6,000 tons pei calendar day. In addi- 
tion, a less detailed conceptual design of 30,000 
tons per calendar day co'^^mercial plant was com- 
pleted. Following extensive engineering studies In 

1976, these conceptual designs we re updated in 

1977. DctalliHi engineering has begun on the 
demonstration plant and Gulf has proposed to the 
U. S. Department of Energy that the two parties 
fointly fund its design, construction and operation. 
It is being designed so that, after successful 
demonstration. It can be expanded to commercial 
size. Several eastern electric and gas utilities are 
interested in purchasing the products of this 
demonstration facility at a premium price in order 
to ensure the development of an alternate fuel 
supply. Other companies have proposed th^ 
design, construction and operation of solid 
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SRC-I demonstration plants to tlie U. S* Depart- 
ment of Energy. 


Tho expected ranoes of fuel products from 
Gulf *s planniHl SROII Demonstration Plant are 
shown in Table 3. This product slate Is basesd on 
minimising electrical usage and utilising naphtha 
and synthesis gas, in excess of that required for 
process hydro^n requirements, as plant fuel. 

In conclusion, the puldicly-owned SRC pro- 
cess has been developed over the last sixteen 
years to the point that demonstration with commer- 
c:|«it-sixc-*l i*«|iilpiiient c;an ami shotilti be comlucfcrNl 
which cxnthJ allow this process to make a contri- 
bution to the Nation^s domestic "clean" energy 
production by the late I980*s. 
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Table 1. Ft. Lewis SRC ^ilot Plant 
typical yields,®* wt. % of 


molstiiTf* 

fr#*f coal 



SRC-I 

SRC-II 

Carbon oxides 

1 

2 

Hydrogen siilfid;* 

I 

2 

Ammonia 

- 

1 

W&ter 

S 

6 

Methane - ethane 

3 

9 

Propane - butane 

2 

5 

Naphtha 

(Pentane - 350®F) 

S 

8 

Fuel oU 

(350 F - 900®F) 

7 

28 

Organic vacuum 
bottoms (SRC) 

62 

27 

Unreacted coal 

6 

6 

Ash 

10 

10 

Hydrogen 

(2) 

(4) 

Gross yields before hydrogen production and 
fuel requirements 
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Tdbie 2. Typical properties of SRC-I 
solid and SRC*II fuel oil 



SRC-I 

SoUd 

SRC-II 
I'uel Otl 

Composition, wt* % 

Carbon 

87.2 

8&.S 

Hydrogen 

S.8 

8.4 

Nitrogen 

2.1 

1.1 

Sulfur 

0.7S 

0.25 

Ash 


0.02 

Pour point, ®F 


-20 

Flash point, 


>150 

M«‘lt pinrit, ^^* 

:us 


lliijhi'i lurating 

value, Btu/lb. 

16,000 

17,300 


Table 3. Expected range of fuel products from 
planned SRC-II demonstration plant 


*«MnTr iW 




SRC - 1 


COiu. MauM «»••** 



SRC - 0 



Tor Stream Day 


I'lg. 1. Simplified SRC Tlowshcets 


Fuel oil, barrels 
irc, barrels 
SNf., MMSCr 


10,000 - 12,000 
3,000 - 4,000 
38 -- 46 
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